Continuous Synthesis of Platinum Nanoparticles
in Bicontinuous Microemulsion in a Microfluidic Reactor
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Noble metal nanoparticles with a size below 5 nm can serve as highly efficient and selective catalysts. Colloidal methods offer precision in controlling of size and shape of the nanoparticles (NPs). However, they typically deal with small amounts (up to 1g) of diluted solutions of NPs (<0.1 wt%). Concentrating the solutions and removing the ligands involves formation of large amounts of waste, making the process inefficient and unreliable with respect to the predicted NPs properties.
Microemulsions offer a facile route for the synthesis of nanoparticles. Water-in-oil microemulsions are composed of small water droplets dispersed in oil stabilized by surfactant. This approach gives monodisperse NPs but with very low yields. Increasing water content causes higher frequency of droplet merging which leads to aggregation of NPs. In order to make a dense dispersion and simultaneously preserve the size and shape control we use bicontinuous microemulsions (BMEs). BMEs are a special type of microemulsions with a high water content (up to 50 wt%), forming interconnected aqueous channels stabilized by large amounts of surfactant molecules dispersed in an oil phase. They have been successfully used as a template for very concentrated dispersions (up to 3 wt%) of highly monodisperse and extremely stable NPs  due to the internal rigid structure which reduces particles agglomeration [1]. 
The objective of this study is to continuously synthesize dense, monodisperse nanoparticles dispersions. Here, for the first time, we combine the BMEs approach and segmented-flow microfluidic devices. Firstly, we reveal the reaction kinetics of the synthesis based on deconvolution of complex  UV-Vis spectra containing information about the metallic precursor and nanoparticles. We made a kinetic model to gain insights into the reaction rate constants and mass transfer limitation in the system and how those affects the precursor conversion and the morphology of NPs. We will show how different variables influence the particle size (around 2 nm). Finally, we show the continuous synthesis of  monodisperse platinum nanoparticles in BME containing up to 3 wt% of nanoparticles reaching high conversion levels. Combination of BMEs and plug-flow microreactors is generic, and can be applied for synthesizing of any other dense solutions of noble metal nanoparticles.
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